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Abstract 
A novel glucose biosensor was fabricated by a combination of a self-assembled monolayer (SAM) of 4-mercaptobenzoic acid 
and the Langmuir-Blodgett (LB) technique. Because of the catalysis of Prussian Blue contained in the LB film layers, the 
prepared amperometric biosensor worked at a very low potential range around 0.0 V vs. Ag/AgCl. The optimum operating 
conditions for glucose biosensor were investigated by varying the glucose oxidase immobilization time, the applied potential and 
the pH of buffer solution. The steady-state current responses of the glucose biosensor showed a good linear relationship to 
glucose concentrations from 0.1 mM to 154 mM.  
© 2010 Published by Elsevier B.V. 
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1. Introduction 
In the past decades, biosensors have received much attention due to fast response, small size, and reliable and 
reproducible results for estimation of various blood analyses [1]. At present, diabetes represents a serious worldwide 
public health problem which can cause multiple and severe damage to kidneys, heart, and vision. This makes 
glucose biosensing very important, because the concentration of glucose is used as a clinical indicator for diabetes 
[2]. Unfortunately, direct amperometric measurement requires a high applied potential (ca. 0.6 V vs. Ag/AgCl) to 
detect the electrochemical oxidation process of H2O2 produced by enzymatic activity. In this range, the current 
produced is susceptible to interference from other chemical species, such as ascorbic acid, urea or other oxidative 
species [3]. Various kinds of mediators have been proposed to overcome this problem. Prussian Blue (PB) is an 
excellent choice of mediator, with high sensitivity and selective detection for H2O2, while also being relatively 
cheap and easy to prepare [4]. Since the development of amperometric biosensors based on PB was first announced 
by Karyakin et al [5] (1994), PB had been widely applied to the field of bioelectrochemical analysis [4, 6-9].  
Self-assembled monolayers (SAM) are effective and versatile tools for making monomolecular films of 
biological molecules on a variety of substrates [10]. The attractiveness of SAM is that well-ordered monolayers can 
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be formed relatively easily [11-12], with a reasonably strong bond between the organic molecule and the electrode, 
so these films are well suited for studies in nanoscience and technology [11].  
Previously, we designed a glucose biosensor based on the SAM method using 3-mercaptopropionic acid [13] and 
11-mercaptoundecanoic acid. From this work, we found that the amperometric currents are affected by the length of 
the aliphatic chain. The amperometric signal significantly increased as the resistance of the SAM layer decreased. 
Based on this, it is expected that a SAM layer with lower resistance will enhance the signal further. In general, 
monolayers formed from aromatic compounds have high efficiency of electron transfer [14] with lower resistance. 
Amperometric biosensors employing aromatic derivatives for SAM layer have not been well investigated; so it 
seems a good idea to use aromatic derivatives for SAM formation to enhance the performance of the biosensor. In 
this paper, we fabricated a glucose amperometric biosensor where glucose oxidase (GOx) was covalently bonded to 
4-mercaptobenzoic acid (MBA) on an Au substrate. Also, we employed the Langmuir-Blodgett (LB) technique to 
immobilize PB nanoparticles into the biosensor system to work as a mediator [15]. Because of the catalytic effect of 
the PB, the biosensor worked at low potential range (0.0 V vs. Ag/AgCl). The biosensor’s structure is shown in Fig. 
1. 
2. Experimental section 
2.1.  Apparatus and solutions 
A Teflon Langmuir trough with an effective area of 516 cm2 (Filgen, Japan) was used. Infrared reflection 
absorption spectroscopy (IR-RAS) was performed on a Nicolet 6700 FT-IR. Amperometric measurements were 
carried out on an ALS/CH Instruments Electrochemical Analyzer, Model 701B (BAS). A standard three-electrode 
cell was used for the electrochemical experiments. The working electrode was prepared on a glass plate (Corning 
Eagle 2000) by vacuum evaporation where an Au layer (3000 Å) was superposed onto a Cr layer (800 Å). The 
reference electrode was Ag/AgCl (satd. NaCl). A Pt wire was employed as the auxiliary electrode. All reagents were 
used as received without further purification. All solutions were newly prepared with water treated by a Millipore 
water purification system, and stock glucose solution was prepared one day before use. Amperometric 
measurements were performed in a solution containing 0.1 M KCl (Wako) and 0.05 M KH2PO4 (Kanto chemical. 
Co. Inc) adjusted with a 0.1 M KOH (Merck) solution. Before the measurement, the working electrodes were held at 
the corresponding potential for about 30 min to achieve a steady background current. 
2.2. Modification of working electrode 
Before the modification of the working electrode, the planar gold substrates were successively ultrasonically 
rinsed with piranha solution (a mixture with 1:3, v/v of 30 % H2O2 (Wako) and 98 % H2SO4 (Wako)) for 2 min, then 
washed with pure water and dried with nitrogen gas.
For the formation of the monolayers, a solution of 30 mM MBA (Sigma-Aldrich) solution was prepared in EtOH. 
After immersion in the MBA solution for 12 h, the substrate was rinsed with EtOH (Wako) to remove the unreacted 
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Fig. 1 Structure of present biosensor 
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MBA, then rinsed with pure water and dried in a N2 stream. After that, the substrate was activated by immersion for 
1.5 h in a pH = 5.5 phosphate buffer solution containing 30 mM 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide 
(EDC, Sigma-Aldrich) and 15 mM N-hydroxysuccinimide (NHS, Sigma-Aldrich). After this step, the substrate was 
immediately immersed in a 5 mg/mL glucose oxidase (E.C 1.1.3.4, type VII, from Aspergillus niger, Sigma-
Aldrich) solution (pH = 5.5) for 12 h at room temperature. Then it was washed with phosphate buffer solution, pure 
water, and dried in a N2 stream. The sample at this stage was named Au-MBA-GOx. 
We prepared the LB films according to the literature [15]. Octadecyltrimethylammonium LB films containing PB 
nanoparticles were successfully obtained. The surface pressure was set to 23 mN/m, Z-type LB films were obtained 
by the vertical deposition method. During the dipping cycles, the substrate was allowed to dry in air for 20 min. 
After the deposition of 5 layers of LB films, the sample was named Au-MBA-GOx-PB. 
3. Results and discussion 
3.1. Optimizing the parameters of the biosensor performance 
The glucose biosensor performance towards the oxidation of glucose was affected by various parameters, such as 
the reaction time of GOx, detection potential and pH of the buffer solution. In this work, these conditions were 
optimized (Fig. 2).  
  
           
                                                                                                                                                  
To optimize the reaction time of GOx, the samples activated with EDC/NHS were placed in the GOx solution for 
various reaction times. In Fig. 2a, the response current densities of the samples toward the oxidation of 0.25 mM 
glucose solution were recorded. It was observed that current density was enhanced with increasing reaction time and 
reached a maximum at 12 h followed by a decrease of current density after 20 h. The decrease may be because too 
much GOx was immobilized on the Au surface, leading to too high a resistance between the Au surface and the PB 
nano-clusters and a lower overall current density for the 20 hour sample. 
The buffer solution pH was also optimized, as shown in Fig. 2b. In the range of pH from 5.5 to 8.0, the optimal 
response was found at pH = 7, which is consistent with previous results using analogous systems [16]. Thus in the 
following amperometric measurement, the pH = 7 buffer solution was used. 
In Fig. 2c, the response current densities versus detection potential were plotted. The maximum response current 
density appeared at 0.0 V although the biosensor showed good linear relationships at all potentials. The noise level 
measured at 0.0 V was much smaller. This potential is in good agreement with Ricci’s report [3], and avoids or 
greatly decreases the contribution from the most common interferents, so we chose 0.0 V as the working potential.  
3.2. Amperometric characteristics of the biosensor 
Fig. 2 Optimizing the response of the Au-MBA-GOx-PB to the oxidation of 0.25 mM glucose: (a) time that substrates were immersed in a 
5mg/mL glucose oxidase solution at room temperature, (b) pH of buffer solution, (c) detection potential. 
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Fig. 3a shows the amperometric response of an Au-MBA-GOx-PB biosensor to the successive addition of stock 
glucose solution. The response current reached the steady state within 3s, suggesting that the biosensor fabricated 
from MBA has good electron transfer ability across the SAM. As mentioned above, the biosensor can be worked at 
0.0 V and showed a good linear relationship in the range from 0 to 104 mM (y (nA) = 94.023 + 12.677x (mM), R = 
0.9894) (Fig. 4a). The detection limit is about 0.1 mM according to the criterion of S/N ratio = 3 (Fig. 3b).  
  
3.3. Repeatability and stability of the biosensor  
The repeatability and stability of the biosensor were investigated in pH = 7 buffer solution by testing twice in the 
same day at an applied potential of 0.0 V. No significant difference was observed between the two measurements. 
After storage for a week at 4°C, the biosensor still showed a very good linear relationship with the glucose 
concentration from 0 to 154 mM (y (nA) = 88.893 + 11.584x (mM), R = 0.9899) without much change. It still 
maintained about 78% of its initial response in the third week. Thus we conclude that the prepared Au-MBA-GOx-
PB sample has enough stability for biosensor application.  
To investigate the mechanism for the high stability, we performed an IR-RAS measurement (Fig. 5) on the Au-
MBA-GOx sample, looking at the amide I band (the C = O stretching of amide) located at 1666 cm-1 and amide II 
band (the N-H bending of amide) located at 1538 cm-1. After we ultrasonically washed the Au-MBA-GOx sample in 
buffer solution for 10 min, we found the intensity of these bands did not decrease at all. Thus the covalent bond 
formed between MBA and GOx is strong enough to survive environmental changes.  
  
                    
                              
                                                                            
Fig. 5 The IR-RAS spectra measured in N2 stream of 
Au-MBA-GOx-PB before (1st) and after (2nd) 
ultrasonically washing in buffer solution. 
Fig.4 The calibration plot of Au-MBA-GOx-PB by 
sequential injection of glucose solution in buffer 
solution (pH = 7) at 0.0 V. 
Fig. 3 Typical current-time response curve of the biosensor upon successive additions of different amounts of glucose in pH = 7 buffer solution 
at applied potential of 0.0 V.  For Fig. 3a, from 2600 s, 2700 s, 2900 s, 3100 s, 3300 s, 5000 s, 5300 s and 5900 s, glucose solution that 
corresponds to an increase of 0.05, 0.1, 0.25, 0.5, 1, 2, 2.5 and 5 mM in concentration was injected, respectively. 
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4. Conclusion 
A novel glucose biosensor containing PB nanoparticles which act as a mediator was prepared by using a 
combination of SAM and LB techniques. The GOx was successfully linked to the Au surface by reacting with MBA 
which has good electron transfer ability. The operating conditions were optimized; the repeatability and stability 
results showed the covalent bond which forms is strong enough to endure environmental changes. The stable 
glucose biosensor made in this method worked at low potential (0.0 V vs. Ag/AgCl) and showed a good linear 
relationship over a wide range (0-154 mM) of glucose concentrations. 
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